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(57) ABSTRACT

The invention relates to a hydrodynamic machine, 1in par-
ticular a hydrodynamic coupling, having a bladed primary
wheel and a stationary or revolving bladed secondary wheel,
forming a working chamber 1n order to transmit torque
hydrodynamically. The primary wheel and/or the secondary
wheel 1s rotatably mounted by means of at least one plain
bearing, which 1s lubricated by a lubricant source connected
by way of at least one lubricant supply line, and a lubricant
outlet which 1s connected by way of a lubricant discharge
line, such that in the lubricant supply line and/or the lubri-
cant discharge line a lubricant reservoir, connected to the at
least one plain bearing by means of at least one lubricant
feed conduit and at least one lubricant return conduit and
therefor forming a lubricant circuit, 1s provided in the event
of a failure of the lubricant supply from the lubricant source.

20 Claims, 5 Drawing Sheets

3 lgu3

1 13

T !f ‘f
ﬂf- : ? 12
4 + 14

i g NN
fi"
pdetl ¢ L 6
A4S
.._.\...
ZF 26

RSV rIrd

[P e F e o

VNS




US 9,651,098 B2

Page 2
(51) Int. CL
Fi16H 41/30 (2006.01)
Fi6D 33/18 (2006.01)
Fi16C 33/10 (2006.01)
(52) U.S. CL

CPC ... F16H 41/30 (2013.01); F16D 2300/0214
(2013.01); F16D 2300/06 (2013.01)

(58) Field of Classification Search

USPC e 60/339
See application file for complete search history.



U.S. Patent May 16, 2017 Sheet 1 of 5 US 9,651,098 B2

: 1
g |

T 1 W ] T L] - L] - p— = 5 - -3 — - h. L] L] [ ] r — -
( i
1l
L
K "
" r
¥ ' ...T-h'..

1, : 7 . "3
e N

o H'H o e

.
s i o
t'l-‘..-” »r ] = i 1’ =
Ty : g g e = f—— i
ll-l_.: oA E‘+ - - _
‘H".“"-J b - .
:l |§f‘h{'-r I - 3 = .
I! e i .
. l_:‘F:l_:-F -
Il-:t:-:'l..: L i [Ny
A Er
s ".p.:' ; r Eq k
L5 -.- = = .-
L | "1' '
! z




US 9,651,098 B2

Sheet 2 of §

May 16, 2017

U.S. Patent

f-vl:).'lH' et b dn i wn ! e

_

A

"
lu-...\_.._._._-. —— e gt bl e
¥ : "
l.% ..li._a..-.v-l h s M... fhb\lv.li

iy rh— ol P R B B L i) L R R R oy s m—




s T
L.I.ll

-,
-, "
e,

[ ]
I..J.Ltl_‘.fl-.ﬂl‘ill .__._._r.l_l._.-lr__l.l_-.__...

US 9,651,098 B2

Sheet 3 of 5

May 16, 2017
14

L T H v -

U.S. Patent

_..II.‘

-._.ll.l_r...__,...r.}r.-l_-._ — 1

¥ e mmlee B




U.S. Patent May 16, 2017 Sheet 4 of 5 US 9,651,098 B2

1.
i
|

E
\
0
L

w— P — \\—"

K
| W v A |
| RSl

_q;_
|
* ] | [ Fdd e L 2l 2L LT T ™ ;?';ng: - \
Ll o r 2} 25




U.S. Patent May 16, 2017 Sheet 5 of 5 US 9,651,098 B2

- FEEET Y TEIET T NI r

: ; ——
I . . . A = wk “fFy
r X
l tr——rr—ox T
/// 7 E |
: TR TS PEROOTT ORI T T = -7 7 1T
Ei!,_. £ T PARRIN ORI *\ﬁé&iﬁuﬁxx&t&xxﬁ?’ i / v f ok . ,
* -, ! | ".,. 2. . ‘ i-'- . - , L_i::ﬂ'am F ‘ll
I s v v i e
g i Ak ; : v S \ E - wr
e L g Dl e 0 T E:
. . R s
rate i
. G oo
ity

i
5 3
i




US 9,651,098 B2

1

HYDRODYNAMIC MACHINE, IN
PARTICULAR HYDRODYNAMIC COUPLING

CROSS REFERENCE TO RELATED
APPLICATIONS

This 1s a continuation of PCT application No. PCT/
EP2014/050776, entitled “HYDRODYNAMIC MACHINE,

IN PARTICULAR HYDRODYNAMIC COUPLING?™, filed
Jan. 16, 2014, which 1s incorporated herein by reference.

BACKGROUND OF THE INVENTION

1. Field of the Invention

The current mnvention relates to a hydrodynamic machine,
in particular a hydrodynamic coupling.

2. Description of the Related Art

Hydrodynamic couplings that are equipped with a revolv-
ing bladed primary wheel and a stationary or also revolving
bladed secondary wheel—referred to as impeller and turbine
wheel 1n the case of a hydrodynamic coupling, and referred
to as rotor and stator or rotor and counter-rotation rotor in the
case of a hydrodynamic retarder—conventionally include
antifriction bearings for mounting the revolving compo-
nents. However, hydrodynamic couplings have already been
suggested that have plain bearings, lubricated with the
working medium. See for example DE 101 20 477 B4 and
EP 1 633 991 BI.

DE 101 20 477 B4 moreover suggests to design the
combined thrust and radial bearings as plain bearings 1n a
hydrodynamic coupling, whereby the working medium 1s
used as the lubricant and the supply to the bearings occurs
from the working medium supply of the clutch.

In the case of hydrodynamic couplings having plain
bearings that are lubricated with working medium it cannot
be reliably ruled out that the lubricant supply to the bearings
1s not interrupted or considerably reduced in certain opera-
tional conditions. European patent specification EP 1 633
991 B1 specifically points out that a supply to the bearings
occurs only when a certain pressure in the system 1s reached,
in order to achieve a more rapid filling of the working
chamber of the hydrodynamic coupling with working
medium. Moreover 1t 1s possible with known couplings that,
for example, the drive shaift 1s rotated in towing operation
betore the lubricant supply of the bearing 1s activated, so that
there 1s a risk of damaging the bearings.

Finally, the lubricant supply can intermittently fail, result-
ing in the bearings running dry.

The aforementioned issue could conventionally only be
solved 1n that relatively expensive plain bearings were used
that permitted a temporary dry run. However, this resulted in
undesirable high production costs of the hydrodynamic
coupling.

SUMMARY OF THE INVENTION

The current invention specifies a hydrodynamic machine,
in particular a hydrodynamic coupling which reliably pre-
vents dry running or respectively dry operation of the plain
bearings.

An inventive hydrodynamic machine, in particular a
hydrodynamic coupling includes a bladed primary wheel
revolving about the axis of rotation of the hydrodynamic
machine and a bladed secondary wheel which 1s stationary
or which also revolves about the axis of rotation. The
primary and secondary wheels together form a toroidal
chamber that 1s filled or can be filled with a working
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medium, 1n order to transmit torque hydro-dynamically via
a working medium circuit inside the working chamber from
the primary wheel to the secondary wheel 1n order to thereby
either hydro-dynamically drive the secondary wheel 1n the
case of a driven primary wheel (in the case of a hydrody-
namic coupling) or 1n the case of a hydrodynamic retarder to
brake the primary wheel. The current invention can be used
not only with hydrodynamic couplings and hydrodynamic
retarders, but also with hydrodynamic converters which, in
addition to the primary wheel and secondary wheel, have at
least one guide wheel 1n the working chamber 1n order to
enable a torque conversion.

The primary wheel and/or the secondary wheel are rotat-
ably mounted by way of at least one plain bearing. The
secondary wheel 1s for example mounted by way of at least
one thrust bearing, in particular with a so-called thrust ring
and by way of one or several radial bearing, whereby the
specified bearings are 1n the embodiment of plain bearings.
A corresponding mounting 1s also considered for the primary
wheel. This can also be externally mounted, for example, on
the drive shait of a drive motor. Instead of the primary
wheel, the secondary wheel could be externally mounted
and the mmventive plain bearing mount could be provided
only for the primary wheel.

A lubricant supply system 1s provided for the supply of
lubricant to the at least one plain bearing of the hydrody-
namic machine, including a lubricant source that 1s con-
nected via at least one lubricant supply line with the plain
bearing, and having a lubricant outlet that 1s connected via
a lubricant discharge line with the at least one plain bearing.
It 1s thus possible to supply the at least one plain bearing
with lubricant from the lubricant source via the lubricant
supply line and to discharge this lubricant from the plain
bearing via the lubricant discharge line, in particular to
remove the Irictional heat from the lubricant that was
absorbed in the plamn bearing. The removal can occur
through a heat exchanger, at least indirectly back into the
lubricant source, or 1n an open circuit to another location.

According to the mvention a lubricant reservoir 1s pro-
vided 1n the lubricant supply line and/or in the lubricant
discharge line which, for formation of a lubricant circuit
between the lubricant reservoir and the at least one plain
bearing, 1s connected via the at least one lubricant feed
conduit and the at least one lubricant return conduit with the
at least one plain bearing 1n the event of a failure of the
lubricant supply from the lubricant source. During a failure
of the lubricant supply from the lubricant source, a lubricant
supply from the lubricant reservoir into the at least one plain
bearing and a lubricant discharge from the at least one plain
bearing back into the lubricant reservoir can still occur, thus
maintaining a lubricant circuit for removal of the heat from
the plain bearing. The lubricant reservoir can, appropriately
dimensioned, be equipped with cooling ribs and/or can be
cooled otherwise, so that suflicient heat removal from the
lubricant and thus cooling of the pain bearing 1s possible at
least over a certain time period.

It 1s moreover possible to deliver the hydrodynamic
machine with a lubricant reservoir that 1s already filled with
lubricant, so that 1in the event the primary wheel and/or the
secondary wheel are rotated before the hydrodynamic
machine 1s connected to the lubricant source, or before the
lubricant supply system 1s put into operation, running dry or
respectively dry operation of the at least one plain bearing 1s
prevented through the aforementioned “small” lubricant
circuit from the lubricant reservoir via the feed conduit into
the plain bearing and via the return conduit back into the
lubricant reservorr.
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At the time of shipment the lubricant reservoir of the
hydrodynamic machine may for example be filled with
lubricant to a level of 50 percent to 90 percent, 1n particular
75 to 85 percent and particularly advantageously to 80
percent.

Preferred lubricants are water or a water mixture. How-
ever other lubricants are also possible, for example oils, such
as a mineral o1l or silicone o1l or others.

Another embodiment provides that the lubricant reservoir
contains at least four lubricant connections: a first lubricant
connection that 1s connected with the lubricant source and
through which therefore lubricant can be fed from the
lubricant source 1nto the lubricant reservoir, a second lubri-
cant connection that 1s connected with the lubricant outlet so
that lubricant can be routed from the lubricant reservoir into
the working chamber of the hydrodynamic machine for
another use or for disposal, a third lubricant connection that
1s connected with the lubricant feed conduit so that lubricant
can be fed from the lubricant reservoir to the at least one
plain bearing, and a fourth lubricant connection that 1s
connected with the lubricant return conduit so that lubricant
can be routed from the at least one plain bearing back into
the lubricant reservoir in order to form the atorementioned

“small” lubricant circuit.

In another embodiment, a shut-off valve and/or a switch-
ing valve 1s provided 1n the lubricant supply line, whereby
such a switching valve can have at least three connections.
Through the first connection 1t 1s connected with the lubri-
cation source, via the second connection 1t 1s connected with
the lubricant reservoir, and via the third connection 1t 1s
connected with the at least one plain bearing. The switching
valve has at least two switching positions: a first switching,
position 1n which at least or exclusively the lubricant source
1s connected—Ilubricant conducting—with the at least one
plain bearing, whereby the lubricant reservoir 1s detached;
and a second switching position wherein the lubricant res-
ervoir 1s connected—Ilubricant conducting—waith the at least
one plain bearing and whereby the lubricant source 1is
detached.

The switching valve can be designed as an active valve
with an actuator 1n order to actively switch the switching
positions, subject to a supplied control signal. The actuator
can for example have an electric, electromagnetic, hydraulic
or pneumatic actuation. Alternatively it 1s also possible to
design the switching valve as a passive valve that switches
subject to the existing lubricant pressures in the connections.
It can for example automatically shut off the connection of
the lubricant source i a pressure drop occurs there or
respectively 1I a comparatively low pressure exists, and at
the same time open or keep open the connection of the
lubricant reservoir 1n order to open the connection of the
lubricant source 1 a comparatively higher pressure exists
there, and shut the connection of the lubricant reservoir at
the same time.

According to another embodiment, the switching valve
and/or a shut-off valve can remain continuously open as long
as lubricant from the lubricant source 1s available in the
lubricant supply line. An alternative embodiment provides
that the valve 1s synchronized for filling or cooling of the
working chamber of the hydrodynamic machine or that
timed switching 1s provided. This function can also be
tulfilled by only a shut-off valve 1n the lubricant supply line.

Several orifices can be provided in the lubricant feed
conduit and/or in the lubricant return condut in order to
achieve a predetermined dynamic pressure in the plain
bearing.
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In another embodiment, the lubricant reservoir 1s already
filled at the time of delivery and providing a bursting disk,
in particular a first bursting disk in the first lubricant
connection which 1s destructible by supplying the first
lubricant connection with lubricant from the lubricant sup-
ply line. Therefore, as soon as the lubricant source 1s
connected to the lubricant supply line and lubricant tlows
from the lubricant source at a predetermined pressure nto
the lubricant supply line, the bursting disk destructs auto-
matically and the supply of lubricant into the lubricant
reservolr 1s thus achieved.

In yet another embodiment, a second bursting disk can be
provided 1n the second lubricant connection that 1s destruc-
tible by lubricant flowing via the first lubricant connection
into the lubricant reservoir. Therefore, as soon as a suflicient
lubricant pressure 1s achieved by further filling of the
lubricant reservoir from the lubricant source, automatic
destruction of the bursting disk in the second lubricant
connection occurs and the flow connection 1s thereby estab-
lished to the lubricant discharge line.

In another embodiment, the lubricant reservoir 1s 1n the
shape of a cylinder or hollow cylinder and the lubricant
connections are distributed over the circumierence of this
cylinder or respectively hollow cylinder. The axis of the
cylinder or respectively hollow cylinder coincides with the
rotational axis of the hydrodynamic machine. The lubricant
reservoir can thus be connected on the face of the hydro-
dynamic machine, detachably or non-detachably, for
example through welding.

It 1s also possible that the axis of the cylinder or hollow
cylinder 1s positioned eccentrically to the rotational axis of
the hydrodynamic machine or progresses at an angle to
same. It 1s also possible to provide another shape of the
lubricant reservoir, extending over the circumierence of the
rotational axis (centrically or eccentrically }—for example a
rectangular shape, the shape of a polyhedron, a cone shape
or others.

The first lubricant connection and the second lubricant
connection can be provided one after another 1n circumfier-
ential direction of the cylinder or hollow cylinder with a
partition, for example a partition plate arranged between
them, thus achieving a nearly 360 degree flow through the
lubricant reservoir occurs from the first lubricant connection
to the second lubricant connection.

If the working medium of the hydrodynamic machine 1s
at the same time the lubricant for the at least one plain
bearing, an embodiment provides that the entire working
medium volume that 1s supplied to the working chamber of
the hydrodynamic machine flows through the lubricant
reservoir before i1t enters the working chamber. Another
embodiment provides that only a part of the working
medium stream tlows 1nto the working chamber through the
lubricant reservoir. In each case 1t 1s advantageous if the
working medium volume/lubricant volume that flows
through the lubricant reservoir from the first lubricant con-
nection to the second lubricant connection 1s rated such that
dirt deposits are prevented and suflicient cooling of the
lubricant reservoir occurs.

The first lubricant connection and the second lubricant
connection may be positioned above the third lubricant
connection and the fourth lubricant connection in the lubri-
cant reservolr. The fourth lubricant connection may be
located above the third lubricant connection in the lubricant
reservoir. Other positioning are also possible, whereby 1t 1s
ensured that the entire lubricant reservoir 1s flushed through.




US 9,651,098 B2

S

It1s also possible that several working medium supplies, first
lubricant connections and/or second lubricant connections

are provided.

Another embodiment according to the invention provides
that a multitude of third lubricant connections and/or fourth
lubricant connections are provided in the lubricant reservoir.
Thus, several feed conduits and/or return conduits that are
arranged parallel relative to the lubricant flow can be con-
nected to the lubricant reservorr.

In another embodiment, a multitude of plain bearings are
provided, whereby various plain bearings or all plain bear-
ings are supplied in series by lubricant. A parallel tflow
through one or several individual groups of plain bearings or
of all bearings 1s also possible.

At least one plain bearing 1s designed as a thrust plain
bearing and at least one plain bearing as a radial plain
bearing, and the lubricant 1s fed from the lubricant source
and/or the lubricant reservoir 1n particular first to the at least
one radial plain bearing and subsequently to the thrust plain
bearing, or vice versa.

If several thrust plain bearings and/or several radial plain
bearings are provided, lubricant can advantageously flow
parallel relative to each other through the thrust plain
bearings and the radial plain bearings respectively, whereby
the radial plain bearings are connected in series to the thrust
plain bearings in regard to the lubricant tlow.

The lubricant reservoir 1s sealed pressure-tight to protect
against the environment, as are all plain bearings that are
lubricated by means of the lubricant from the lubricant
supply system. The plain bearings can be sealed to protect
against the environment by way of shaft seals, for example
PTEE-double seals.

According to another embodiment of the ivention, the
“small” lubricant circuit between the lubricant reservoir and
the at least one plain bearing 1s maintained or respectively
created by only the pumping effect of the at least one plain
bearing. The thrust ring of the thrust plain bearing can
produce a diflerential pressure, so that suction 1s created on
the side of the radial plain bearing facing the thrust ring,
whereby said bearing 1s positioned beside the thrust ring and
has lubricant flowing through 1t before the thrust plain
bearing. The lubricant 1s then transported back from the
thrust ring through centrifugal force, via the at least one
return conduit into the lubricant reservorr.

The one or several radial plain bearings can be designed
as multi-surface radial plain bearings, 1n particular as four-
surface radial plain bearings. The thrust bearing/bearings
can also have a multitude of bearing segments which are
advantageously tiltably mounted.

Another embodiment provides that parallel to the return
conduit a vent line 1s provided that connects the at least one
plain bearing, in particular the thrust bearing, with the
interior of the lubricant reservoutr.

The at least one feed conduit or the multitude of feed
conduits and/or the at least one return conduit or the mul-
titude of return conduits can progress at an angle relative to
a vertical and a horizontal, 1n particular oflset at an angle
thereto by approximately 40 to 50 degrees.

BRIEF DESCRIPTION OF THE DRAWINGS

The above-mentioned and other features and advantages
of this mvention, and the manner of attaining them, will
become more apparent and the mnvention will be better
understood by reference to the following description of
embodiments of the invention taken 1n conjunction with the
accompanying drawings, wherein:
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6

FIG. 1 1s a schematic sectional illustration through an
axial section of a hydrodynamic coupling according to the
imnvention;

FIG. 2 1s a view 1n the axial direction through the
hydrodynamic coupling to FIG. 1;

FIG. 3 1s the view from FIG. 2 with the tlow progression
of the lubricant shown;

FIG. 4 1s the schematic sectional view of FIG. 1 with the
flow progression shown; and

FIG. § 1s an alternative embodiment with a switching
valve 1n the lubricant supply line.

Corresponding reference characters indicate correspond-
ing parts throughout the several views. The exemplifications
set out herein 1illustrate embodiments of the invention and
such exemplifications are not to be construed as limiting the
scope of the invention 1n any manner.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

FIG. 1 illustrates a schematic axial section through a
hydrodynamic machine that is in the embodiment of a
hydrodynamic coupling. Accordingly the hydrodynamic
coupling 1includes a revolving bladed primary wheel 1 and a
revolving bladed secondary wheel 2 which together form a
working chamber 3. The hydrodynamic machine in this
embodiment 1s designed as a double flow machine. This
means that 1t forms two working chambers 3, 3' which are
formed between two primary wheels 1, 1'and two secondary
wheels 2, 2', whereby primary wheels 1, 1' are connected to
one another torsionally rigid and secondary wheels 2, 2' are
connected to one another torsionally rigid, for example 1n
the illustrated back-to-back arrangement. A single flow
machine could also be used or, in order to represent a
hydrodynamic retarder, the secondary wheel could remain
stationary or could be driven 1n opposite direction to the
primary wheel.

A drive shaft 4 1s provided for driving primary wheel 1.
This can include a drive opening and can be mounted outside
the hydrodynamic machine together with primary wheel/
wheels 1, 1', for example on the drive shait of a drive motor
(not illustrated).

Secondary wheel or wheels 2, 2' 1s/are supported by a
drive shait 5 which 1s equipped with a drive flange 6.

As 1illustrated, only drive shaft 4 that carries secondary
wheel/wheels 2, 2' 1s equipped with an mnventive plain
bearing, icluding a thrust plain bearing 7 and two radial
plain bearings 8, 8'. Thrust plain bearing 7 includes a thrust
ring 9 that works together with thrust bearing segments 10
that are positioned opposite one another on both sides of said
thrust ring 9. Thrust bearing segments 10 are for example
mounted tiltably by way of an attachment on the housing
side—see the axial protrusions facing housing 11 of the
hydrodynamic machine.

Thrust bearing segments 10 can for example be guided 1n
housing 11 with a clearance {it and can be manufactured in
comparison to thrust ring 9 from a comparatively soft
maternal. Thrust ring 9 1s fastened for example by way of a
cylindrical compression connector on drive shait 5.

Housing 11 also accommodates radial plain bearings 8, 8'
which, 1n the illustrated example includes a bushing 12 that
1s 1nserted into the housing with a light pressure and into
which radially 1nside a bearing material 13 1s imtroduced, in
that, compared to the maternial of bushuing 12 1s softer.
Bushing 12 may for example be manufactured from steel or
from another material that 1s harder compared to the material
of bearing material 13. Alternatively, a material having the
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same hardness or a softer material can be used, or the entire
bushing 12 can be manufactured from the bearing material.

Radial plain bearings 8, 8' and axial plain bearing 7 are
conductively connected with each other as shown in FIG. 4
by the tlow progression of the lubricant that 1s indicated by
the arrows and which 1s explained 1n further detail below.

Because the two radial plain bearings 8, 8' enclose axial
plain bearing 7 between them, only one seal 1s necessary on
the two outer ends of radial plain bearings 8, 8' that face
away Irom one another. In the current example this seal 1s
achieved by shaft seals 14 at the axial ends of drive shait 5.

For the supply of lubricant to the plain bearings, a
lubricant reservoir 15 1s provided which 1s connected with
the plain bearings via two lubricant feed conduits 16 that are
arranged parallel to the lubricant flow and two parallel
lubricant return conduits 17. See also FIG. 2. Lubricant feed
conduits 16 supply lubricant from lubricant reservoir 135 to
the axial outer ends of radial plain bearings 8, 8' from where
the lubricant flows 1n axial direction inward through radial
plain bearings 8, 8' to the radial mner end of axial plain
bearing 7, and subsequently outward through axial plain
bearing 7 and wvia lubricant return conduit 17 back into
lubricant reservoir 15. This flow process, which herein 1s
also referred to as a small lubricant circuit, 1s illustrated in
FIGS. 3 and 4.

Viewed in the flow direction parallel to lubrication return
conduits 17, a vent line 18 1s provided that facilitates venting
from axial bearing 7 into lubricant reservoir 15. See FIGS.
1 and 4.

Supply of lubricant reservoir 15—which at the time of
delivery 1s already filled or partially filled with lubricant—
occurs via first lubricant connection 19 that branches off
from working medium supply 20 for working chamber 3, 3'
of the hydrodynamic machine. At the time of shipment this
first lubricant connection 19 is preferably sealed by a first
bursting disk 21 that destructs when supplying pressure to
working medium supply 20 with working medium that at the
same time represents the lubricant.

The lubricant flows from the first lubricant connection 19
in circumierential direction through almost the entire lubri-
cant reservoir 15 to second lubricant connection 22 which—
separated by a partition or a partition plate 23—is positioned
immediately prior to first lubricant connection 19 1n circum-
ferential direction, viewed in the flow direction of the
lubricant (see FIG. 3). Second lubricant connection 22 can
also be sealed by a bursting disk 24 at the time of delivery
of the hydrodynamic machine.

In order to keep bursting discs 21, 24 which are for
example provided in clamping screws and are screwed into
housing 11 accessible, lubricant reservoir 135 1s equipped
with a removable lid 25 which 1s located opposite first
lubricant connection 19 and second lubricant connection 22
in the axial direction. This 1id 25 1s again illustrated in detail
B 1n FIG. 1. It 1s connected to the remaining housing of
lubricant reservoir 15 which, for example at the face on the
housing part that surrounds the bladed wheels of the hydro-
dynamic machine.

In the illustrated example a part of the working medium,
for example water, that flows into working chamber 3 via
working medium feed 20 can be diverted through first
lubricant connection 19 and can be routed through lubricant
reservoir 15. The lubricant stream flowing out of second
lubricant connection 22 can then be routed back into work-
ing medium feed 20 and from there into working chamber 3.
Alternatively, the entire working medium stream 1s routed
through lubricant reservoir 15, and only subsequently into
working chamber 3. As a result, a comparatively high flow
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speed of the lubricant can be achieved 1n lubricant reservoir
15, thus preventing dirt deposits and facilitating effective
cooling of the lubricant 1n lubricant reservoir 15, and at the
same time defining a clear flow direction of the lubricant/
working medium.

For better removal of heat from lubricant reservoir 15,
cooling ribs 26 may be provided on the outside of the same
as 1ndicated by the broken line in FIGS. 3 and 4.

A drain plug 27 can be provided in the lower region of
lubricant reservoir 15, in order to be able to drain the
lubricant from same.

As 1llustrated, when the hydrodynamic machine 1s oper-
ated for the first time the dynamic pressure 1n working
medium feed 20 at the branch-ofl to first lubricant connec-
tion 19 causes first bursting disk 21 and subsequently also
second bursting disk 24 to burst. Lubricant reservoir 15 1s
flushed with “fresh” lubricant as long as the filling volume
flow of working medium for the hydrodynamic machine 1s
present 1n working medium feed 20. When this filling
volume flow 1s 1nterrupted or before start-up of the hydro-
dynamic machine and when drive shaft 5 simultaneously
rotates—Itor example during towing operation—the lubri-
cant supply to the plain bearings 1s ensured, since the
pumping ellect of the plain bearings themselves, 1n particu-
lar that of axial plain bearing 7, effects delivery of lubricant
out of lubricant reservoir 15, through the plain bearings and
back into lubricant reservoir 15. Axial plain bearing 7 1s for
example designed so that, based on the rotational movement
of drive shaft § a centrifugal force acts upon the lubricant 1n
axial plain bearing 7, thus moving it radially from the 1nside
to the outside. This causes a vacuum radially 1nside axial
plain bearing 7, that again takes 1n lubricant from the two
radial plain bearings 8, 8'. Lubricant is simultaneously taken
in via lubricant feed conduits 16, whereas the overpressure
in the radial outer region of axial plain bearing 7 moves the
lubricant back via lubricant return conduits 17 into lubricant
reservoir 13.

The angular positioming 1illustrated in FIGS. 2 and 4 of
lubricant feed conduits 16 and lubricant return conduits 17
relative to the vertical and the horizontal, for example oflset
by 45 degrees to the vertical and the horizontal through
lubricant reservoir 15 prevents taking 1n of dirt from lubri-
cant reservolr 15 and achieves that only a small amount of
lubricant flows out of lubricant return conduits 17 immedi-
ately 1to second lubricant connection 19 and thereby out of
lubricant reservoir 15. Vent line 18 that—in the current
design example 1s positioned vertically on 12 o’clock—
prevents that air accumulates in the region of axial plain
bearing 7.

Shaft seals 14 are advantageously largely or completely
airtight so that the lubricant flow cannot be interrupted by
intruding air.

A lubricant supply system 33 is thereby created for the
plain bearings (in this instance for axial plain bearing 7 and
for radial plain bearings 8, 8') that supplies the plain bearings
from a lubricant source (here schematically illustrated and
identified with 28) via a lubricant supply line with lubricant
and removes heated lubricant from the plain bearing via a
lubricant discharge line to a lubricant outlet (also schemati-
cally 1llustrated and 1dentified with 34).

The lubricant supply line 30 1s formed partially by work-
ing medium supply 20 and 1n the design example 1llustrated
in FIGS. 1 to 4 also by lubricant feed conduits 16, since this
connects lubricant source 28 with the plain bearings and all
lubricant that flows from lubricant source 28 to the plain
bearings must first flow through lubricant reservoir 15. The
lubricant discharge line 31 is partially formed by lubricant
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return conduits 17 1n this design example, since these
together with lubricant reservoir 15 connect the plain bear-
ings with lubricant outlet 34. Lubricant reservoir 15 1s thus
positioned in lubricant supply line 30 as well as in lubricant
discharge line 31, since all lubricant from lubricant source
28 or respectively working medium supply 20 first tlows
into lubricant reservoir 15, from there into the plain bearings
and out of the plain bearings again into lubricant reservoir
15, before tlowing to lubricant outlet 34.

In contrast, in the embodiment illustrated in FIG. 5
lubricant can also tflow from lubricant source 28 directly
through lubricant supply line 30 into the plain bearings
(axial plain bearing 7 and radial plain bearings 8, 8') without
first flowing through lubricant reservoir 135, since this 1s only
positioned in lubricant discharge line 31 that 1s formed
partially by the at least one lubricant return conduit 17. The
plain bearings are connected via an additional lubricant line
with lubricant outlet 34, by bypassing lubricant reservoir 15.

Lubricant reservoir 15 1s again connected vial parallel
lubricant feed conduits 16 (whereby a single lubricant feed
conduit would suflice) and the at least one lubricant return
conduit 17 (or several of these) with the plain bearings. By
bypassing lubricant reservoir 15, lubricant can thus flow
directly from lubricant source 28 to the plain bearings and
possibly at the same time via a small circuit out of lubricant
reservoir 15. In this sense the connection of lubricant
reservoir 15 with the plain bearings represents a lubricant
feed conduit 16 as well as also the direct connection of
lubricant supply line 30 from lubricant source 28 with the
plain bearings.

In the illustrated embodiment a switching valve 32 1s
provided in lubricant supply line 33 that selectively connects
a lubricant feed conduit 16 either with lubricant source 28 or
with lubricant reservoir 15, depending on whether lubricant
pressure 1s present at the first connection of switching valve
32 that 1s connected with lubricant source 28. If no pressure
exists, this first connection is closed. If pressure exists, then
the second connection to which lubricant reservoir 15 1s
connected 1s closed according to one embodiment, whereas
another embodiment provides that this second connection
remains open so that lubricant from lubricant source 28 can
flow through switching valve 32 not only to the plain
bearings but also into lubricant reservoir 135.

In the first aforementioned case, switching valve 32 can
thus be designed as a dual functioning check valve as
illustrated. In the second aforementioned case a simple
check valve can suilice.

Also 1n the embodiment that 1s illustrated in FIG. 5 and
that 1n particular comprises a lubricant reservoir 15 that 1s
positioned 1n particular outside the hydrodynamic machine
or respectively removed from the housing of the hydrody-
namic machine, lubricant supply line 30 could be routed via
lubricant reservoir 15, thus saving the connecting piece
between switching valve 32 and the plain bearings. In this
case switching valve 32 could be equipped with only two
connections—ii 1n particular check valve 29 that 1s 1llus-
trated before switching valve 32 1s provided—or could be
completely omitted whereby then lubricant reservoir 135
would again be integrated into lubricant supply system 33
according to FIGS. 1 to 4.

While this invention has been described with respect to at
least one embodiment, the present invention can be further
modified within the spirit and scope of this disclosure. This
application 1s therefore intended to cover any variations,
uses, or adaptations of the invention using its general
principles. Further, this application is intended to cover such
departures from the present disclosure as come within
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known or customary practice in the art to which this mven-
tion pertains and which fall within the limaits of the appended
claims.

What 1s claimed 1s:

1. A hydrodynamic machine, comprising:

a bladed primary wheel revolving about an axis of rota-
tion of the hydrodynamic machine;

a bladed secondary wheel which 1s stationary or which
also revolves about the axis of rotation, said bladed
secondary wheel and said bladed primary wheel
together forming a toroidal working chamber that 1s
filled or can be filled with a working medium to
transmit torque hydro-dynamically via a working
medium circuit mnside the working chamber from the
primary wheel to the secondary wheel, whereby at least
one of the primary wheel and the secondary wheel are
rotatably mounted using at least one plain bearing;

a lubricant supply system for the at least one plain
bearing, including a lubricant source that 1s connected
via at least one lubricant supply line with the at least
one plain bearing, and having a lubricant outlet that 1s
connected via a lubricant discharge line with the at least
one plain bearing; and

a lubricant reservoir provided in at least one of the
lubricant supply line and 1n the lubricant discharge line,
the lubricant reservoir adapted for forming a lubricant
circuit between the lubricant reservoir and the at least
one plain bearing, which 1s connected via at least one
lubricant feed conduit and at least one lubricant return
conduit with the at least one plain bearing 1n the event
of failure of the lubricant supply from the lubricant
source.

2. The hydrodynamic machine according to claim 1,
wherein the lubricant reservoir comprises at least four
lubricant connections:

a first lubricant connection that 1s connected with the

lubricant source;

a second lubricant connection that 1s connected with the
lubricant outlet;

a third lubricant connection that 1s connected with the
lubricant feed conduait; and

a fourth lubricant connection that 1s connected with the
lubricant return conduat.

3. The hydrodynamic machine according to claim 1,
wherein at least one of a shut-ofl valve and a switching valve
1s provided in the lubricant supply line;

whereby the switching valve 1s connected with the Iubri-
cant source, the lubricant reservoir, and the plain bear-
ing via three connections; and

whereby the switching valve includes: a first switching
position that connects at least the lubricant source with
the at least one plain bearing, and a second switching
position that connects the lubricant reservoir with the at
least one plain bearing.

4. The hydrodynamic machine according to claim 1,

wherein the lubricant 1s water or a water mixture.

5. The hydrodynamic machine according to claim 2,
wherein a first bursting disk 1s provided 1n the first lubricant
connection, and whereby the first bursting disk 1s destroyed
and thereby supplies the first lubricant connection with
lubricant from the lubricant source.

6. The hydrodynamic machine according to claim 2,
wherein a second bursting disk 1s provided in the second
lubricant connection; and whereby the second bursting disk
1s destroyed by lubricant flowing via the first lubricant
connection into the lubricant reservorir.
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7. The hydrodynamic machine according to claim 2,
wherein the lubricant reservoir 1s 1n the shape of a cylinder
or hollow cylinder or another shape that extends concentri-
cally or eccentrically over the circumierence of the axis of
rotation of the hydrodynamic machine and that the lubricant
connections are distributed over the circumierence.

8. The hydrodynamic machine according to claim 7,
wherein the central axis of the cylinder coincides with the

axis ol rotation.

9. The hydrodynamic machine according to claim 7,
wherein the first lubricant connection and the second lubri-
cant connection are provided one after another 1n a circum-
terential direction of the cylinder or hollow cylinder, with a
partition plate arranged between them.

10. The hydrodynamic machine according to claim 2,
wherein the first lubricant connection and the second lubri-
cant connection are positioned above the third lubricant
connection and the fourth lubricant connection 1n the lubri-
cant reservoir.

11. The hydrodynamic machine according to claim 2,
wherein the fourth lubricant connection 1s positioned above
the third lubricant connection in the lubricant reservorr.

12. The hydrodynamic machine according to claim 2,
wherein a multitude of third lubricant connections and/or
fourth lubricant connections are provided.

13. The hydrodynamic machine according to claim 1,
wherein a multitude of plain bearings are provided, and
whereby the various plain bearings are supplied 1n series by
lubricant.

14. The hydrodynamic machine according to claim 13,

wherein at least one plain bearing 1s a thrust plain bearing,
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and at least one plain bearing 1s a radial plain bearing, and
in that the lubricant 1s fed from at least one of the lubricant
source and the lubricant reservoir to the at least one radial
plain bearing and to the thrust plain bearing.

15. The hydrodynamic machine according to claim 14,
wherein at least one of several thrust plain bearings and
several radial plain bearings are provided, with lubricant
flowing through them, respectively parallel relative to each
other.

16. The hydrodynamic machine according to claim 1,
wherein the lubricant 1s the same as the working medium,
whereby 1t 1s routed through the plain bearings and the
working chamber.

17. The hydrodynamic machine according to claim 1,
wherein the lubricant 1s the same as the working medium,
whereby 1t 1s routed parallel through the plain bearings and
into the working chamber.

18. The hydrodynamic machine according to claim 1,
wherein the lubricant reservoir 1s sealed pressure-tight to
protect against the environment.

19. The hydrodynamic machine according to claim 1,
wherein the lubricant circuit between the lubricant reservoir
and the at least one plain bearing 1s maintained or respec-
tively created by only the pumping effect of the at least one
plain bearing.

20. The hydrodynamic machine according to claim 1,
wherein the lubricant reservoir 1s welded on the face of the
hydrodynamic machine, whereby i1t advantageously sur-
rounds the at least one plain bearing or one or several of a
multitude of plain bearings radially from the outside.
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